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We perform a comparative analysis of the elastic scatterirfgdefprojectiles fron?®Ni, 54Zn, and'2°Sn targets at energies (9-21.7 MeV,
9.84-17.9 MeV, and 17.4-20.5 MeV, respectively). The exotic two-neutron halo structfireaftrongly influences the scattering dynamics

in this energy regime. Using a range of microscopic and cluster-based potentials—including the double-folding potentiaB(DIF&)|cS

potential (SPP2), Brazilian nuclear potential (BNP), and a cluster folding potential (CFP)-we analyze the angular distributions to explore
the effects of He breakup and the resulting dynamic polarization. Our study systematically examines the emergence of breakup threshold
anomalies, the behavior of the optical potential parameters, and the role of target mass and charge in modifying the effective interaction. The
CFP, which explicitly incorporates the+ 2n cluster configuration, systematically yields larger reaction cross-sections across all systems and
energies, though the magnitude of this effect is modest and often comparable to statistical uncertainties. This systematic trend nevertheles
underscores the importance of cluster degrees of freedom in describing halo-nucleus collisions.
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1. Introduction channels—be it elastic scattering, direct breakup, or neutron
transfer—dominate under different conditions.

At the heart of this inquiry lies a fundamental quest to

The advent of radioactive ion beam (RIB) facilities has .
(RIB) nderstand how the exotic structure Gfle reshapes the

opened a new frontier in nuclear physics, enabling the stud factive int tion bet the t llidi lei. It
of exotic nuclei far from stability. Among these, a fascinating ective interaction between the two cofliding nuctel. - 1ts

class known as halo nuclei—characterized by a diffuse clouy82K Pinding leads to a strong coupling to the breakup con-

of one or two weakly bound nucleons surrounding a tightlyt'nuum' which n turn dyn_amlcally polarizes the_ nucleus-
nucleus potential, introducing long-range absorption and ef-

bound core—offers a unique laboratory to investigate novef fivel difving th | | it tion. Thi

structural features and reaction mechanisms not observed [CiVely modifying the nucleus-nucleus interaction. This ne-

stable isotopes. Among these, tHie isotope stands as a cessitates moving beyond conventional optical models and
’ hembracing advanced, few-body reaction frameworks like the

paradigmatic example of a two-neutron halo nucleus. Wit : ) . :
a low two-neutron separation energy of only 0.973 Mey Continuum Discretized Coupled Channels method to faith-
fully interpret experimental observations.

and a matter radius of approximately 2.33 fm—significantly
larger than itsa-particle coreSHe exhibits a pronounced Furthermore, the significant yield efparticles observed
Borromean structure, where the three constituents ( +  in reactions with heavier targets liké°Sn prompts critical
n) are bound despite the absence of any bound two-body suguestions about the dominant production mechanisms, com-
system. This delicate, spatially extended structure m&es  pelling us to distinguish between direct projectile dissocia-
exceptionally sensitive to the external field of a target nucleusion and neutron-stripping processes that leave-quarticle
during collisions, leading to distinctive and enhanced reacin the final state. By comparing results across systems like
tion processes. 6He + °8Ni, %4Zn, and'?°Sn, we can map out systematic
N . trends, test the robustness of our theoretical models across
Investigating the scattering 6He from a range of target f d build h t pict f halo-
nuclei is a powerful diagnostic tool that reveals the intimatef'Jl spectrum ol masses, and bulld a coherent picture ot halo
. . induced reaction dynamics.
connection between nuclear structure and reaction mecha-
nisms. By systematically studying collisions with targets  This work investigates the scattering mechanisnfa-ef
spanning different masses and charge distributions—such &®m 58Ni, 64Zn, and!'2°Sn, targets across various energies,
8Ni, ¢4Zn, and!?°Sn-we can disentangle the varying influ- analyzing angular distributions (ADs) for thele +®Ni sys-
ences of Coulomb and nuclear forces on the fate of this fragiléem at laboratory energie&(,;,) of 9 [1], 10 [2], 12.2, 16.5,
projectile. Each target offers a different lens through whichand 21.7 MeV [3], thé’He + %4Zn system atF,,;, of 9.84
to observe how the halo’s diffuse tail interacts with the mearand 13.56 MeV [4], 14.85 and 17.9 MeV [5], and tfHige +
field of the target, how the probability of breakup evolves!'?°Sn system af,, = 17.4, 18.05, 19.8 and 20.5 [6] using
with the strength of the Coulomb field, and which reaction multiple potential approaches.
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Additionally, these systems were studied theoreticallyfreedom in describing the scattering of this archetypal halo
[7-10]. Suet al. [7] developed a global phenomenologi- nucleus. This systematic study not only illuminates the re-
cal optical model potential (OMP) féiHe based on Woods- action dynamics ofHe but also provides a valuable bench-
Saxon (WS) forms for the real part and derivative WS formsmark for understanding more complex neutron-rich exotic
for the imaginary part. The parameters were optimized bynuclei. The manuscript is organized as follows: Section 2
fitting available experimental data, including reaction cross-outlines the theoretical framework and the optical potentials
sections and elastic scattering ADs, for target nuclei in theemployed. Section 3 presents and discusses the results for
mass ranges < A < 209 and incident energies up to each target system. Finally, Sec. 4 summarizes the principal
250 MeV. The OMP parameters are energy-dependent armtbnclusions of this comparative study.
include geometry parameters constrained by physical con-
sideration;. Gueet al. [8] de\{eloped a microscopic opti- 2. Theoretical framework and implemented
cal potential (MOP) foHe using a parameter-free folding .
model. The potential is constructed by folding an isospin- potentials
dependen_t nuclgon MOP, b_a;ed on S!<y_rme interactions, Withy, o 4|astic scattering ADs for thiégHe + 5Ni (Eig = 9-

a hagmomc osqllator quCFIptIOH 6He's |nte.rnal structure. 59 7 MeV) [1-3],SHe +54Zn (Eiap = 9.84-17.9 MeV) [4, 5],
The °He MOP is applied to calculate elastic scattering an ndSHe + 120N (B, = 17.4-20.5 MeV) [6] systems have

. . 209 Rj - . :
reaction cross sections for targets frdfC to **’Bi at en been reanalyzed through a systematic progression of theoret-

ergies up to 350 MeV. While the MOP yields reasonable rejcal approaches. We employ a hierarchy of potentials, rang-

suIFs, it generally _underperfqrms compgred toa phenomer)qﬁg from sophisticated microscopic methods — such as the
logical global optical potential (GOP) fitted to data. Sens"energy-independent Brazilian Nuclear Potential (BNP), the

tivity analysis reveals that scattering is most sensitive to th%nergy-dependenta‘é Paulo Potential (SPP2), and the con-
nuclear surface region. Lichtenthakdral.[9] analyzed elas- ventional Michigan three-term Yukawa double-folding po-

t'9C scattering A[;S .Of the neutron-ohalo nucleiise on “ght tential (DFP) — to the cluster folding potential (CFP), which

( _B_e), m_ed'””_‘? Ni), and heavy {* Sn)_targets usingasim- ;¢ pased explicitly on the: + 2n cluster structure of thitHe
plified dllffractwe mod_el .for theS-matrix. The model pa- projectile. This methodological sequence offers complemen-
rameterizes thé-matrix in a'ngular momentum space with tary insights into the scattering dynamics and helps identify
three parameters: the grazing angular mome”mm @i the interaction potentials that best reproduce the experimen-
fusenessA), and a nuclear phase:). This approach of- tal ADs. All calculations were performed with the FRESCO

fersha cogput_ationalg_ effici_ent dalct:ernalti\(/jeé(r)] othe: mgtg(c):dc ode [11], supplemented by the SFRESCO interfacexfor
such as Continuum Discretized Couple annels ( inimization, which allowed for accurate extraction of the

caICl_JIations._ Degcouvemont [10] presented a microscopigptimal potential parameters.

continuum discretized coupled-channel (MCDCC) study of

low-energy°He elastic scattering off Al, **Ni, °Sn, and 5 1 Microscopic DFP, SPP2, and BNP

208pp, ThePHe projectile is described as an antisymmetrized

a+n+n cluster system using the resonating group methodn the first stage of the analysis, the elastic scattering ADs
with its continuum discretized into pseudostates. The modefor SHe + T, (T =%2Ni, %4Zn, 12°Sn) were examined within
uses only standard nucleon-target optical potentials, requikeveral microscopic optical potentials. The central interac-
ing no adjustable parameters. The calculations reproduce efen consists of a Coulomb tern¥{(r)) and a nuclear term
perimental cross sections well and reveal a strong target-maggy (r)). The nuclear part contains a real component that
dependence of breakup effects: they are minimal for lighigoverns the scattering and an imaginary component that ac-
targets {7 Al) but crucial for heavy ones’{®Pb). This trend  counts for absorption. By using microscopic constructions,
is analyzed through scattering matrices and explained usinge avoid the ambiguities — both continuous and discrete
a simple sharp-cutoff model. Equivalent polarization poten- that often appear in conventional WS parameterizations.
tials, extracted from the calculations, show a repulsive rearhe double folding potential (DFP) is built by folding the
part and a long-range absorptive imaginary component, botprojectile and target ground-state densities with an effective

increasing with target mass. nucleon-nucleony(y ) interaction:
In this work, we investigate the elastic scattering b
from 98Ni, %4Zn, and'2°Sn targets at energies in the vicin- VPE(R) = //pp(Fp)pT(FT)uNN
ity of the Coulomb barrier. We analyze available angular
distribution data using a hierarchy of interaction potentials: x (R — 7p + r)dipdrr, (1)

the double-folding potential (DFP), theéd& Paulo potential

(SPP2), the Brazilian nuclear potential (BNP), and a clustewhereR is the separation vector between the centers of mass
folding potential (CFP) that explicitly incorporates the2n  of the projectile and target;» andrr are internal coordi-
structure of®He. Our aim is to explore the manifestation of nates of the projectile and target nucleons, respectively. The
breakup effects — particularly the breakup threshold anomalfunctionspp andpr are the ground-state point-nucleon den-
(BTA) — and to evaluate the importance of cluster degrees ofities of projectile and target, respectively. For fHév in-
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teraction, we adopt the CDM3Y2 form [12], which is based parts of the cluster folding potential (CFP) are generated by
on the M3Y-Paris potential and includes direct and exchangéolding appropriatex+T and 2n+T optical potentials, chosen

contributions: to describe the experimental data for the corresponding sub-
Ry o—2.58 systems at energies equal to two-thirds and one-third of the
vp(s) = 11061.625 — 2537.5 , incident®He energy, respectively. Explicitly, the CFP is con-
4s 2.55 structed as:
6—43 6_2‘58 ~
v s) = —1524.25 — 518.75 1 2
px(5) 4s 2.5s VOF(R) = / Vorr (R=2r ) 4+ Vap_r R+ =r
3 3
670.70725 L
— 78474m, (2) X |Xa,2n(r)|2dl‘,

Here,vp represents the direct part of the interaction, which .-.cr oy _ / [ 1 2
is independent of energy and corresponds to the exchange & (R) = _WO"T R 3 ) * Won-r R+ 3"

a single meson between nucleons. The tegy is the ex- OV 2dr 7
change part, which arises from the antisymmetrization of the X [Xa—2n(r)[7dr, Y
nucleon-nucleon wave function and accounts for the knock-

out exchange of the interacting nucleons; it carries an explicit +2n configuration. This wave function, representing% 2
energy dependence due to the momentum_—dependence of te, was generated by the standard “well-depth” procedure
exchange process. The CDM3Y2 interaction incorporates ﬁsing a real Woods-Saxon potential with radiis— 1.83
density-dependent factdf(p) that accounts for medium ef- ¢ " o e conace — 0.65 fm [18]. The requireda.+T

fects [12]: and 2n+T potentials were taken from the energy-independent
F(p) = 0.3346[1 - 3.0357¢— 306850 _ 3 BNP [_13] vv_|th the standard normahza_tlons_, 1.Q (rgal part) and
() 1+ ¢ ol G 0.78 (imaginary part) [19]. The density distributions for the
Vitex)(0,8) = F(p)Vi(x(s), (4)  deuteron (as a surrogate for the 2n pairparticle,°He, and
the three targets, calculated with the DHB model [17], are
wherep is the nuclear-matter density, ands the separation displayed in Fig. 1.

between two interacting nucleons. We have also employed Figure 1 shows the point-nucleon density distributions,
the Sho Paulo Potential version 2 (SPP2) [13-16], which sim-;(y), for the deuteron?H), a-particle ¢He), SHe, and the

ilarly folds the projectile and target densities with an interac-three target$®Ni, 4zZn, and*2°Sn, as computed within the

The X —_2x(r) is the internal wave function dfHe in its

tion potential3x/? [13]: DHB framework [17]. The extended tail of tfi¢le density
is clearly visible, reflecting its two-neutron halo structure. In
SPP —(r/a)? —4V?/C? - L
v 2 (F) = —Upe™ U9 eV, () contrast, thex-particle and the stable targets exhibit a sharp

fall-off characteristic of tightly bound systems. These densi-
ties serve as the essential inputs for the folding calculations,
linking the intrinsic structure of the colliding nuclei directly
to the nucleus-nucleus interaction potential.

with strength parametérf,= 735.813 MeV and the range pa-
rametera = 0.5 fm in its updated SPP2 version [13]. Here,
V is the local relative velocity between the colliding nuclei,
andC is the speed of light. The density distributions of the
SHe projectilepp (rp) and targepr (r) nuclei ¢8Ni, 4zn,
1205n) were obtained from the Dirac-Hartree-Bogoliubov L
(DHB) model [17] using the REGINA code. In addition, 107
the ADs data for the considered nuclear systems are reana

lyzed using the Brazilian Nuclear Potential (BNP), which in

its simplest Gaussian representation reads 102

p (fm®)

VRN (R) = ~Upe™ /)%, 6)
10° 120 AN
--- “Sndensity ™
—— %Zn density
2.2. Cluster folding potential (CFP) L[ ONidensity ERNEERS
L - ®He density DN

»»»»» “He density s

with Uy=87.226 MeV and:=0.95 fm.

The exotic®He nucleus displays a pronounced cluster struc-

IR S ’H densit
ture — ana-core surrounded by two valence neutrons — with 105 ?ns' Y , S i
a two-neutron separation energy of ort(.975 MeV. To ex- 0 2 4 6 8 10
plore the consequences of this cluster configuration on the R (fm)

scattering dynamics, we have implemented a cluster foldfFicure 1. Density distributions fofH, “He, ®He, *®Ni, ®*zn, and
ing model (CFM). Within this model, the real and imaginary *2°Sn nuclei calculated using the DHB model.
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FIGURE 2. Comparison betweefHe + *®Ni elastic scattering ADs (circles) and calculations within both BNP and SPP2 presented in
panel a), while the results within DF-CDM3Y2 and CFP are presented in panel b).

3. Results and discussion
2

N ex
N 3 {U(ei)ca' — o(6:) ®)
The elastic scattering ADs fdiHe + 58Ni system atE,, N~ Ao (0;)

between 9 and 21.7 MeV [1-3], tiféde + 54Zn system at whereo (6;)® ando(6;) are the experimental and calcu-

120
Eap, between 9.84 and 17.9 MeV [4,5], afitfle +'2°Sn |04 ¢ross sectionsy 6,) is the relative uncertainty in ex-
system atf,, between 17.4 and 20.5 MeV [6] are analyzed perimental data.

within the framework of DFP of differen¥ IV interaction po- The main advantage of such methodology is that it could

tentials, namely, BNP, SPP2, and CDM3Y2 as well as CFFyi e 4 rather clear energy dependence on the imaginary po-

The employed central potential consists of a Coulomb repulge g strength and consequently a better conclusion about
sive potential and an attractive nuclear potential. It is We"'the presence/absence of the BTA e + T systems can be

documented that preparing the interaction potential using Migg\yn The following form describes the shape of the central
croscopic methods such as DFP and CFP is always reco%’otential:

mendable for avoiding the different parameter ambiguities
(continuous and discrete) that arise from the usual six param-  U(R) = Ve (R) — NeVPT(R) —iN,VPT(R),  (9)

eters of WS calculations. The real parts of the DF-CDM3Y2,10 comparisons between the experimental ADs data for the
SP.PZ’ and BNP were compgted using Efj).wWith the inter- SHe + T systems and the theoretical results within the afore-
action potentials presented in EqR),((5), and 6), respec-  andioned folded-potentials of two adjustable parameters,
tively, and the imaginary parts were taken as a fa_ctor _t|me§VR and N; are illustrated in Figs. 2, 4, and 6. The opti-
the real parts. While, for th.e CFP, the real and |r’r_1ag|naryma| values forNr and N; normalization factors are listed in
CFP arts were computed using Ed) ( The real and imag-  ap1e5| |1, and 11, for the three considered systefitse +
inary parts of DFPs and CFP are identified in terms of th%gNi’ SHe +64Zn, and®He + 120Sn, respectively. The reac-
normalization factorsNgz and Ny, respectively. As afirst o, ross sectionn(z) values are also given in the tables.
step, the availabléHe + T ADs [1-6] were described within

folding potentials whose real and imaginary parts strengthg 1. 6Hg+38Nj system

were allowed to freely change in the range 0.1 to 2.0 un-

til the best agreement between data and results is obtaine@ihe elastic scattering §He from the medium-mas$Ni tar-

The FRESCO code [11] was upgraded withminimization = get presents a contrasting scenario to the hé#\gn system,
SFRESCO. The quality of fitting and hence the optimal po-offering insights into the role of the Coulomb interaction in
tential parameters were obtained by minimizing #fevalue  halo nucleus dynamics. As detailed in Table | and Fig. 2, the
which defines the deviation between experimental data andptimal normalization parameterd’g and N;) for the BNP,
calculations, and defined as follow: SPP2, DFP-CDM3Y2, and CFP potentials exhibit a clear and
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TABLE |. Optimal potential parameters féHe + 5®Ni system within BNP, SPP2, DFP-CDM3Y2, and CFP. Ehevalues are displayed

with their estimated uncertainties.

E (MeV) Ng Ni x?/N or (Mb)
BNP 0.374 4 0.081 0.134 +0.122 0.55 126 + 60
9 SPP2 0.377 £0.162 0.127 £1.336 0.54 125 4 301
DFP 0.257 £ 0.077 0.100 + 1.854 0.55 127 4 430
CFP 0.221 4 0.046 0.118 4 0.092 0.57 116 + 64
BNP 1.507 4 0.632 2.000 £ 0.166 2.70 859 + 70
10 SPP2 1.573 4+ 0.632 2.000 + 0.168 2.72 856 + 70
DFP 0.829 4 0.580 2.000 + 0.203 241 898 + 82
CFP 0.388 4 0.293 2.000 4 0.158 2.31 918 £+ 81
BNP 0.100 £ 0.310 1.003 4 0.367 0.48 961 + 148
12.2 SPP2 0.100 4 0.334 1.024 £ 0.381 0.48 960 + 151
DFP 0.100 +0.177 0.678 £ 0.258 0.50 957 + 138
CFP 0.100 & 0.072 0.791 4 0.251 0.59 970 £ 127
BNP 0.100 =4 0.394 1.957 4 1.340 0.26 1735 4+ 240
16.5 SPP2 0.100 & 1.336 2.000 =+ 1.808 0.25 1730 + 346
DFP 0.100 & 0.180 1.342 £0.222 0.26 1724 4+ 85
CFP 0.100 £ 0.031 1.500 & 0.196 0.48 1749 £ 65
BNP 0.396 & 0.168 1.771 £ 1.603 0.32 2087 + 274
21.7 SPP2 0.447 4 0.190 1.771 £ 1.634 0.33 2077 £ 273
DFP 0.274 4+ 0.125 1.257 £ 0.626 0.32 2082 + 173
CFP 0.100 £ 0.026 1.662 4 0.571 0.42 2136 + 158

systematic energy dependence across the investigated rangfe0.10 at 12.2 and 16.5 MeV, and then increasing slightly
(9 — 21.7 MeV). again at 21.7 MeV. This complex behavior, particularly the
At the lowest energy of 9 MeV, which lies just above the persistent need for a reduced real strengfl (< 1) at most
Coulomb barrier (8.35 MeV), all potentials require a strongenergies, points to the repulsive dynamical polarization po-
suppression of the real potential strengifiz(~ 0.22—0.38)  tential (DPP) generated by the strong coupling to the breakup
to reproduce the data. Concurrently, the imaginary normalehannel. The DPP effectively "renormalizes” the bare fold-
ization Ny is found to be very smallX; ~ 0.10 — 0.13), ing potential, making the real interaction less attractive.
indicating minimal absorption at this energy. This patternis  Comparing the performance of the different potentials,
consistent with the expectations for a tightly bound system athex? /NN values in Table | indicate that all four models (BNP,
energies well below the barrier, where the imaginary potenSPP2, DFP, CFP) provide a quantitatively good description
tial is typically weak. The fact that the weakly-boufide  of the angular distributions at most energies, withtypi-
projectile exhibits this behavior suggests that at this very lowcally below 1 for energies above 10 MeV. However, the CFP,
energy, the breakup channel is not significantly open, and therhich explicitly incorporates ther+2n cluster structure of
interaction is dominated by the far-tail of the nuclear poten-®He, consistently yields reaction cross-sectiang)(that are
tial where the halo extension plays a minor role. marginally higher than those from the structureless density-
As the energy increases from 9 MeV to 10 MeV and fur-folding models (BNP, SPP2, DFP), especially at the high-
ther to 12.2, 16.5, and 21.7 MeV, a marked evolution is ob-est energies. This suggests that the cluster treatment cap-
served. The required strength of the imaginary part increasesres additional reaction flux, likely into channels like neu-
dramatically. For instance, within the DFP-CDM3Y2 model, tron transfer or specific breakup configurations, which are
Ny rises from 0.10 at 9 MeV te- 2.00 at 10 MeV, before effectively lumped into a stronger absorption in the optical
settling to values of 0.68, 1.34, and 1.26 at the higher enemodel picture. The systematic success of the CFP under-
gies. This rapid rise in absorption near the barrier is a finscores the importance of the cluster degree of freedom in de-
gerprint of the BTA, where coupling to the near-thresholdscribing the scattering of this Borromean halo nucleus, even
breakup continuum leads to a significant enhancement of thier a medium-mass target lik&Ni.
imaginary potential. The real part normalizatiofn;, after To further elucidate the energy dependence of the optical
the initial strong reduction at 9 MeV, also shows an intrigu- potential parameters and the manifestation of the BTA, Fig. 3
ing non-monotonic behavior. It becomes larger at 10 MeVpresents the real and imaginary normalization factgssand
(Nr ~ 0.83 for DFP) before being driven to its lower bound N; extracted from the optical model calculations for fie
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FIGURE 3. Real (upper panel) and imaginary (lower panel) normalization fadfer&nd N; extracted from the optical model calculations
for the °He + °®Ni system as functions of the laboratory energy. Results are shown for the BNP (circles), SPP2 (squares), DFP-CDM3Y2
(diamonds), and CFP (triangles) potentials.

+ %8Ni system as functions of the laboratory energy. The verbarrier, followed by sustained absorption at higher energies.
tical dashed line aky,;, ~ 8.35 MeV indicates the laboratory The behavior ofVg, with values generally below unity, con-
energy corresponding to the Coulomb barrier in the centerfirms the presence of a repulsive DPP that renormalizes the
of-mass framel(p = 7.57 MeV) obtained for the respective bare folding potential.

system with the SPP2.

The upper panel of Fig. 3 shows the real normalizatio
factor (Vg). For all four potentials, Ny is systematically The scattering ofHe from the®¥Zn target provides a criti-

less than unity across most of the energy range, reflectinga| intermediate case between the medium-risisand the

the presence of a repulsive dynamical polar?zation potentie\l]eavymoSn systems. With a charge (Z=30) and mass slightly
(DPP) generated by the coupling of the elastic channel to thgigner tharfSNi (z=28), it allows us to isolate trends related

breakup continuum. At the lowest energy (9 MeV), which isy, " increasing Coulomb force while keeping the nuclear
slightly above the barrier (8.35 MeVN{? valuesare strongly ;¢ gcale relatively similar. The extracted potential param-
suppressed.2 — 0.4. As the energy increases t0 10 MeV, gors in Table Il and the corresponding fits in Fig. 4 reveal

Ny rises for most potentials, reaching values near or abovgssinct features for this system across the measured energy
unity for BNP and SPP2, before decreasing again at h|ghe1range (9.84-17.9 MeV).

_energies. This non-monotonic behavior reflect_s the complex A striking observation for thé*Zn target is the consis-
interplay between nuclear and Coulomb contributions to thge 0w value of the real normalization factéf, across
DPP as the energy varies through the barrier region. all energies and for all potentials. For the microscopic DFP-
The lower panel of Fig. 3 displays the imaginary normal-CDM3Y2, Ny varies only between 0.114 and 0.429, indicat-
ization factorN;. At 9 MeV, just above the barriefy; is  ing a necessary reduction of the bare real potential strength by
small0.1—0.13 for all potentials, indicating minimal absorp- 57—89%. This is even more pronounced than inthii case
tion. As the energy increases to 10 MeV; rises dramati- and suggests an exceptionally strong repulsive dynamical po-
cally to values near 2.0, reflecting the opening of breakuparization potential (DPP). The origin of this strong DPP is
channels. This rapid increase in absorption near the batikely twofold: (1) the persistent coupling to the breakup con-
rier is characteristic of the BTA. At higher energies (12.2 totinuum, and (2) the increased importance of neutron-transfer
21.7 MeV), N; remains elevated but shows some variation,channels on a target with a higher neutron exc@és=( 34
with values generally between 0.7 and 2.0 depending on thier ¢4Zn vs. N = 30 for ®Ni). These channels effectively
potential and energy. Overall, the energy dependencdé;of remove flux from the elastic channel, manifesting as a fur-
for the®He +°®Ni system provides evidence of the BTA, with ther reduction in the real potential’s attractiveness within the
a sharp rise in absorption as the energy increases above thptical model framework.

3-2. °He+%Zn system

Rev. Mex. Fis72041201



COMPARATIVE STUDY FOR REACTION DYNAMICS OFPHE PROJECTILES SCATTERED. ..

© °®He+*Zn Exp. Data

10°®
0O 30 60 90 120 150 180

a) 6, (deg)

FIGURE 4. Comparison betweetHe +54Zn elastic scattering ADs (circles) and calculations within both BNP and SPP2 presented in panel
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a), while the results within DF-CDM3Y2 and CFP are presented in panel b).
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TABLE Il. Optimal potential parameters f6He+°*Zn system within BNP, SPP, DFP-CDM3Y2, and CFP. Bhevalues are displayed.

with their estimated uncertainties.

E (MeV) Nr Ni X*/N or (mb)
BNP 0.376 £ 0.098 0.934 + 0.366 0.34 469 + 84
9.84 SPP2 0.394 + 0.094 0.943 + 0.366 0.35 469 + 81
DFP 0.252 4 0.023 0.635 4 0.090 0.35 462 + 32
CFP 0.160 + 0.014 0.746 £ 0.059 0.34 460 + 24
BNP 0.634 + 0.048 1.209 + 0.212 0.44 1322 + 52
13.56 SPP2 0.668 4 0.052 1.183 £ 0.215 0.45 1313 £53
DFP 0.429 + 0.033 0.826 £ 0.155 0.44 1315+ 53
CFP 0.195 4+ 0.013 1.247 4+ 0.185 0.38 1368 + 60
BNP 0.328 4 0.010 0.376 4 0.012 19.83 1123 4+ 11
14.85 SPP2 0.332 + 0.001 0.367 £ 0.012 19.33 1118 £ 7
DFP 0.222 + 0.006 0.259 + 0.008 19.92 1123 £ 10
CFP 0.184 4+ 0.005 0.421 4+ 0.011 25.01 1151 + 11
BNP 0.169 + 0.005 0.450 + 0.007 24.20 1386 £ 7
17.9 SPP2 0.180 + 0.005 0.445 + 0.006 24.68 1382+ 6
DFP 0.114 4+ 0.003 0.310 + 0.004 24.10 1385+ 5
CFP 0.073 + 0.002 0.514 + 0.006 24.38 1417+ 6

The behavior of the imaginary part reveals a non-showing an enhancement near the Coulomb barrier—a poten-
monotonic energy dependence that offers key insights. At th&al signature of the BTA. However, a striking deviation is
lowest energy (9.84 MeV), a significant imaginary strengthobserved at 14.85 and 17.9 MeV, whéye drops markedly
is already required{; ~ 0.63 — 0.94), which is larger than to 0.259 and 0.310 (for DFP-CDM3Y?2), respectively. This
the corresponding value f6fNi at 9 MeV. This implies that  significant decrease in the required absorption strength above
absorption channels, including breakup, become active at the barrier is counter-intuitive if breakup were the sole dom-
lower relative energy for thé&'Zn target. As the energy in- inant process. It suggests a possible saturation or change in
creases to 13.56 MeW; reaches values arouid8 — 1.2,  the dominant reaction mechanism. One plausible explanation
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®He+%Zn system
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FIGURE 5. Same as Fig. 3, but for tH#e +%4Zn system.

is a shift from direct, peripheral breakup—which strongly ab-lowing the same format as Fig. 3. The vertical dashed line
sorbs partial waves near the grazing angular momentumat E,, ~ 8.66 MeV indicates the laboratory energy corre-
to more penetrative processes like fusion or direct reacsponding to the Coulomb barrier in the center-of-mass frame
tions that occur at smaller impact parameters. Alterna{Vp = 7.92 MeV).

tively, it may indicate that the simple renormalization of a

static, volume-type imaginary potential becomes inadequat%ctorN r. Notably, Ny is consistently low across all ener-

at these higher energies, where the absorption becomes modfés and potentials, with values typically between 0.07 and

surface-local}zed or where s.pecmc channel couplings Itery 67. This strong suppression indicates a pronounced repul-
fere destructively in the elastic channel.

ive DPP for thi tem. Th¥y val h
The quality of the fits, as indicated by thé /N values, sIve or LS system R VALIES SNOW Some energy

. dependence: they increase from approximaiedy — 0.40 at
E excellen.t Zt 9'8.4 and 13.56k|v(|j?\)€2(/]\i41350'34c;ff4§)i\/| V9.84 MeV to 0.43-0.67 at 13.56 MeV, then decrease again to
owever, it deteriorates markedly at 14.85 an ' €V0.07-0.18 at 17.9 MeV. This non-monotonic behavior mirrors

with x /N valueSJumplng to- 2.0 —25. This S|g'n|f|cant IN"" that observed for th&*Ni target but with generally stronger
crease supports the interpretation that the optical model wit uppression, possibly reflecting the increased neutron excess
arenormalized folded potential reaches its limit at these eners. . 61, 'Earget (V=34) compared t&*Ni (N = 30)

gies. The angular distributions at these energies (see Fig.
likely possess finer details that cannot be captured witho
explicitly including the dynamic coupling to the continuum
and other direct channels. The lower panel of Fig. 5 displays the imaginary normal-
Comparing the models, the CFP again stands out. It Conization faCtOfN[. At 9.84 MeV, which is above the barrier
sistently produces the largest reaction cross-sectiopy ( (8.66 MeV), N, values are already substantial (0.64-0.94),
across all energies. For example, at 17.9 Me}(CFP) = indicating that breakup channels are active. As energy in-
1417 mb, compared to 1385 mb for DFP-CDM3Y2. This creases to 13.56 MeW; rises to values of 0.83-1.25, con-
reinforces the finding from thé®Ni analysis: the explicit sistent with the BTA. However, at higher energies (14.85 and

a+2n cluster model inherently incorporates more reactiont?.9 MeV), N; decreases markedly 26 — 0.51 for most

flux, likely by better simulating the peripheral nature of in- potentials. This decrease above the barrier is notable and sug-

teractions involving the halo neutrons. The fact that this dif-gests a possible saturation or change in the dominant reac-

ference persists fé* Zn confirms that cluster degrees of free- tion mechanism. ThéHe + %‘Zn system thus presents an

dom are crucial, regardless of the moderate increase in targéttermediate case between the light&Xi and heavief*Sn

charge and mass fro”iNi. targets. The BTA signature is present, with enhanced imagi-
To examine the energy dependence of the Optica| poterf]al’y strength above the barrier, but the decreaséé;iat the

tial parameters for théHe +54Zn system, Fig. 5 presents the highest measured energies suggests a more complex energy

Ny and N; normalization factors as functions éf,;,, fol-  dependence than a simple monotonic increase.

The upper panel of Fig. 5 shows the real normalization

hich may enhance neutron transfer channels and further re-
Yuce the real potential strength.
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o °®He+'®Sn Exp. Data
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FIGURE 6. Comparison betweefHe + '2°Sn elastic scattering ADs (circles) and calculations within both BNP and SPP2 presented in
panel a), while the results within DF-CDM3Y2 and CFP are presented in panel b).
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TABLE IIl. Optimal potential parameters fbHe+2°Sn systems within BNP, SPP2, DFP-CDM3Y2, and CFP. Fhevalues are displayed
with their estimated uncertainties.

E (MeV) Model Nrg N; x?/N or (Mb)
BNP 0.100 & 0.311 2.000 & 1.175 4.49 1436 + 247
17.4 SPP2 0.100 + 0.327 2.000 + 0.434 4.50 1422 £ 123
DFP 0.100 4 0.172 1.899 4+ 1.781 4.56 1510 + 289

CFP 0.100 =4 0.001 1.762 £ 0.004 4.54 1476 4 2
BNP 0.546 £ 0.212 1.283 4 0.369 0.76 1427 £ 122
18.05 SPP2 0.568 + 0.248 1.287 4 0.336 0.75 1422 4+ 116
DFP 0.37140.133 0.854 4 0.271 0.77 1383 £ 115

CFP 0.140 4 0.077 1.356 £ 0.001 0.78 1467 4 23
BNP 0.449 4 0.229 0.609 4 0.216 0.32 1404 + 145
19.8 SPP2 0.464 +0.173 0.601 + 0.356 0.32 1399 £ 179
DFP 0.303 & 0.127 0.415 4 0.179 0.33 1386 + 146
CFP 0.224 4+ 0.173 0.624 4+ 0.313 0.40 1415 £ 224

BNP 0.284 4 0.088 1.127 4+ 0.133 22.59 1662 + 60

20.5 SPP2 0.300 4 0.135 1.135 £ 0.239 22.59 1657 + 98
DFP 0.200 = 0.054 0.732 4 0.093 22.81 1615 + 58

CFP 0.112 £ 0.152 1.010 % 0.001 23.13 1648 + 56

3.3. SHe+'29Sn system summarized in Table Il and Fig. 6. The most striking feature
for this system is the profound and persistent suppression of
The interaction of the halo nuclefisle with the heavy, high- the real potential strength. Across all energies and theoret-
Z target'?°Sn represents the regime where the long-rangécal potentials (BNP, SPP2, DFP-CDM3Y2, CFP), the opti-
Coulomb force is most influential, providing the clearestmal real normalization factaly is exceptionally low, often
window into breakup-dominated dynamics. The analysis opinned at the search lower bound of 0.10. Even wignis

the elastic scattering ADs across four near-barrier energiegllowed to vary, it remains below 0.6, implying a reduction

(17.4 —20.5 MeV) reveals extreme and systematic effects, a®f the bare folding potential by 40-90%. Thisis the most
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FIGURE 7. Same as Fig. 3, but for tHide +12°Sn system.

dramatic manifestation of a strong, repulsive DPP observed The quality of the fits, as measured ¥/N, varies sig-
in this study. For the heav§?Sn target, the DPP is pri- nificantly with energy. While reasonable descriptions are ob-
marily generated by strong coupling to the Coulomb breakupgained at 18.05 and 19.8 MeW{/N ~0.3-0.8), the fit qual-
continuum. The high Coulomb field efficiently excites the ity deteriorates at the extremes: at 17.4 MeM (N ~4.5)
fragile °He projectile into its continuum at large separations,and especially at 20.5 MeW¢/N ~23). The poor fit at
creating a repulsive, long-range polarization that almost com20.5 MeV, similar to the issue seen withzn at its high-
pletely cancels the attractive real nuclear potential in the peest energy, signals the breakdown of the simple renormalized
ripheral region probed by elastic scattering. folding model when the interaction becomes more penetrat-
ing and multi-channel effects (beyond a simple, absorptive
The behavior of the imaginary potential normalization, imaginary potential) become critical.
N7, is equally revealing and evolves with energy. Atthe low- 5004 the potentials, the CFP continues its trend of pre-
est measured energy of 17.4 MeV, which lies well above theyicsing the largest reaction cross-sectiong), particularly
Coulomb barrier (12.72 MeV), the fitting process is remark-,¢ e higher energies. This reinforces the conclusion that an
ably insensitive tc; the value o¥z; an equally good descrip- oy jicit treatment of thex+2n cluster structure is essential
tion of the data*/N ~4.5) can be achieved WitNz=0.1 1, -2t re the full extent of the reaction flux loss for a halo

or NR:l',O’ providedNy is Ia'lrge_ €-2.0). This indicates_, projectile, even-and perhaps especially-when the interaction
that at this energy, the reaction is governed almost entlrelyS driven by a strong Coulomb field.

by long-range absorption—direct evidence for the BTA. The

non-vanishing, and in fact near-maximal, imaginary strength  For the hef"‘v>}205” target, the energy dependence of the
at just above the barrier confirms that breakup channels af@Ptical potential parameters reveals the most striking mani-
open and dominant due to strong Coulomb excitation. As th&estation of the BTA. Figure 7 presents thg; and N; nor-
energy increases to 18.05, 19.8, and 20.5 MeV, the descrignalization factors as functions ., for the °He +2°Sn

tion becomes sensitive to botliz and N;. The required SyStém. The vertical dashed line &, ~ 12.72 MeV in-

Ny values remain high but show a more complex energy dedlca'tes.the laboratory energy corresponding to the Coulomb
pendence, decreasing froni.9 at 17.4 MeV to a minimum  Darrier in the center-of-mass framiey = 12.11 MeV).

around 0.4-0.7 at 19.8 MeV within the DFP model, before in-  The upper panel of Fig. 7 shows the real normalization
creasing again at 20.5 MeV. This non-monotonic trend sugfactor Nz. The suppression oV is profound, with values
gests a transition: at the very lowest energy, pure Coulombypically below 0.6 across all energies and often pinned at or
breakup dominates (maximizing peripheral absorption); asear the lower search bound of 0.1. This extreme suppres-
the energy rises, nuclear interactions become more signision reflects a very strong repulsive DPP generated primarily
icant, potentially altering the breakup mechanism or intro-by Coulomb breakup. The high Coulomb field of tH#8Sn
ducing competing processes like neutron transfer, which magarget efficiently excites the fragiféde projectile into its con-
have a different spatial localization of absorption. tinuum at large separations, creating a repulsive, long-range
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polarization that almost completely cancels the attractive regbrobability of both non-elastic processes (breakup, transfer,
nuclear potential in the peripheral region probed by elasti@and fusion) and enable deeper penetration into the nuclear
scattering. This effect is strongest for the heaviest target, corinterior. Notably, the CFP consistently yields the largest
sistent with the expectation that Coulomb breakup scales withalues across all systems and energies, often by a margin of
the target charge. several tens of mb. This systematic offset highlights how the
The lower panel of Fig. 7 displays the imaginary nor- explicit inclusion of thea + 2n cluster configuration in the
malization factorN;, which provides the clearest evidence CFP captures additional reaction flux—likely from peripheral
of the BTA in this study. At the lowest measured energybreakup and transfer channels—that is not fully accounted for
of 17.4 MeV, which is well above the barrier (12.72 MeV), by the structureless density-folding models. The energy de-
Ny is already large, with values near 1.8-2.0 for most po-pendence obr further supports the presence of the BTA:
tentials. This indicates that breakup channels are open aritie particularly rapid rise of  just above the Coulomb bar-
dominant. As energy increases to 18.05 MAY,remains el-  rier coincides with the strong enhancement of the imaginary
evated but shows some variation depending on the potentigbotential observed in the optical model analysis.
At 19.8 MeV, N; decreases to values around 0.4-0.6 for BNP,
SPP2, and DFP, before rising again at 20.5 MeV. This non3.5. Parameter uncertainties and statistical compatibil-
monotonic behavior may reflect a transition in the dominant ity
breakup mechanism or the influence of competing reaction . ) )
channels as the energy increases. The combination of stroé@e note that in some cases, particularly at lower energies or
repulsive DPP (smalV ) and large absorption (largé;) for for specific potentials, the fl_ttmg uncertainties reported in Ta-
the20Sn target represents the most extreme case of breakuB'—es I- 11l for the normalization parameters/’t andNy) can
induced polarization among the three targets studied. Thi@€ comparable to or even exceed the parameter values them-
reflects the dominant role of the Coulomb field in driving the S&!Ves- This phenomenon has several origins:

reaction dynamics of halo nuclei with heavy targets. a. Parameter insensitivity at certain energies: At energies

_ . . just above the Coulomb barriee.j, ‘He + 5®Ni at

3.4. Reaction cross sections fofHe+(**Ni, %‘Zn and 9 MeV), the elastic scattering ADs are primarily sen-

1298n) systems sitive to the extreme tail of the nuclear potential. In
this region, variations in the potential strength can be
partially compensated by adjustments in the other pa-
rameter, leading to large correlated uncertainties in the
individual Ng and N; values despite a well-defined
minimum in they? hypersurface.

The reaction cross section ) extracted from the different
potentials is presented in Fig. 8 as function of the reduced en-
ergy Egreq = E..m.-VB), WhereE, ,,,. represents the center
of mass energy anty is the Coulomb barrier height. This
representation removes the target-dependent Coulomb barrier
shift, allowing for a direct comparison of the reaction dynam-  b. Strong parameter correlation: The real and imagi-

ics across the three targets. Tdg values exhibit a system- nary normalization factors are not independent; large
atic increase with increasing reduced energy for all targets,as  changes inVy can often be accommodated by mod-
detailed in Tables I- Il and illustrated in Fig. 8. This trend is est adjustments iV; without significantly affecting

physically expected, as higher reduced energies enhance the the fit quality, particularly when the AD lacks detailed
structure €.g, at the lowest energies or most forward

I V. SR - S angles). This correlation inflates the individual param-
20F NP " PP * {2000 eter errors extracted from the covariance matrix.
o T . e . . e c. Limited angular range or data points: For some ener-
%woa- Lo Lo 1000 gies, particularly the older data sets, the experimental
"l . 500 ADs cover a limited angular range or have fewer data
points, which reduces the constraints on the potential
§ I , - parameters.
2000f  DF-CDM3Y2 - cFP
ool . : . e Importantly, these large uncertainties do not indicate a
= S e e . 1500 failure of the fitting procedure. Theg?/N values in the ta-
< ooy ; ’ 1000 bles confirm that good descriptions of the data are achieved.
soof . . s00 Rather, they reflect the physical reality that at certain ener-
ol . . gies, the elastic scattering observable is not sufficiently sen-
S B s T I S sitive to independently determine baify, and N; with high
Evyy (MeV) Egeq (MeV) precision.
FIGURE 8. Extracted reaction cross section values fble scat- Following the minimization, the optimal parametéys,
tered from*Ni, %4Zn, and'?°Sn targets within BNP, SPP2, DF- and N with their associated uncertaintidsNz and ANy
CDM3Y2, and CFP as functions of the reduced energy. were obtained from the covariance matrix produced by
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SFRESCO code. To estimate the uncertainty in the reaccomparisons). For the®Ni and '2°Sn systems, all differ-
tion cross sectiono(z) arising from the uncertainties in the ences are statistically compatible.

normalization parameters, we adopted a practical approach. Given this mixed picture at the individual energy level,
For each potential, energy, and target system, we performege base our conclusion primarily on the systematic consis-
an additional optical model calculation using the shifted patency of the observed trend across the entire dataset. The
rametersNg + ANg and N; + AN;. The absolute differ-  CFP yields the largest reaction cross section in all thirty-nine
ence between ther obtained from this shifted parameter set comparisons examined in this study, spanning three target nu-
and theo i, obtained from the optimal parameters was takerclei, all measured energies, and comparisons with each of
as the estimated uncertaintyor. This method provides a the other three potentials (BNP, SPP2, and DFP-CDM3Y2).
one-sided estimate of the sensitivity @f; to the parameter The observation that the CFP yields the largest value in every
uncertainties. A full error propagation accounting for param-single case, despite the statistical compatibility at most in-
eter correlations would require access to the full covariancglividual energies, provides meaningful evidence for the role
matrix and is beyond the scope of the present work. Nevof cluster degrees of freedom in describing the scattering dy-
ertheless, this approach offers a reasonable indication of th&amics of this halo nucleus.

scale of the uncertainty and is consistent with methods some-

times used in optical model analyses when full covariance

information is not available. The result_lrxgo—R values are 4. Summary and conclusions

presented alongside the centsg] values in Tables I- I11.

To check whether the differencesdf; values among the
four potentials are statistically meaningful, we first examin
the estimated uncertaintieA§r) presented in Tables I- Il1.
These uncertainties reflect the sensitivityogf values to the
uncertainties in the normalization paramet&is and N;.

For cases where the parameter uncertainties are sm
(e.g, ®°He +%4Zn at 14.85 and 17.9 MeV, arfitHe + 20Sn

eA comparative analysis dfHe elastic scattering frofNi,
647n, and '2°Sn targets at energies in the vicinity of the
Coulomb barrier has been performed using a hierarchy of
microscopic and cluster-based optical potentials: the dou-
tﬂe folding potential (DFP) with the CDM3Y2 interaction,

e 20 Paulo potential (SPP2), the Brazilian nuclear poten-

at 20.5 MeV for BNP and DFP), the estimatéd , values ftial (BNP), and a cluster folding potential (CFP) that explic—

itly incorporates thex+ 2n structure of He. By systemati-

: . A
are correspondingly small, typically 1-2 % of thg genU@I cally fitting the available ADs and extracting the energy de-
value. For cases where the parameter uncertainties are lar &hdence of the optical model parameters, we have identi-
6 58NIi 3 '
$§(;9’ He +"Ni at 9 MeV for SPP.2 and DFP, diHe + fied several key features of the reaction dynamics induced by
Sn at 17.4 MeV for DFP), the estimatésb  values be-

. . . this two neutron halo nucleus. It is important to note that for
come substantial, reflecting the poor constraint on the po- N

. . : - "all three target systems, the measured energies lie above the
tential parameters at these energies. Using these estimat

E%ulomb barrier. Consequently, the present analysis probes

uncertainties, we examine the statistical compatibility of thethe reaction dynamics in the above barrier regime, where nu-

cross sections from different potentials. The analysis reveals . . L .
S Clear interactions play a significant role alongside Coulomb
the following: e - }
effects. The principal findings are as follows:
e For the®He + 58Ni system, all fifteen comparisons
show statistical compatibility. The differences between
CFP and the other potentials are smaller than the com-

bined uncertainties at every energy.

1. Strong Repulsive Dynamical Polarization Potential
(DPP): For all targets, a significant reduction in the
real potential normalizationNz < 1) is required to
describe the data. This effect, most pronounced for
the heavy'29Sn target, signals the presence of a repul-
sive DPP generated by the strong coupling of the elas-

e For the®He +%4Zn system, the results are mixed. At
9.84 MeV, all three comparisons are statistically com-
patible. At 13.56 MeV, the differences are comparable

to the combined uncertainties, suggesting marginal sig-
nificance. At 14.85 and 17.9 MeV, where the estimated
uncertainties are very small, the differences exceed the
combined uncertainties, indicating statistically signifi-
cant differences at these specific energies.

For the%He + '20Sn system, all twelve comparisons
show statistical compatibility. The differences between
CFP and the other potentials are smaller than the com-
bined uncertainties at all energies.

tic channel to the breakup continuum. The DPP effec-
tively renormalizes the bare folding potential, demon-
strating how the fragile, extended structurébie dy-
namically modifies the real part of the nucleus-nucleus
interaction.

. Breakup Threshold Anomaly (BTA): Clear signatures

of the BTA are observed, particularly f6#°Sn, where
a large imaginary strength\; ~ 2) persists even at
the lowest measured energy, which lies above the bar-

rier. This indicates that breakup channels - dominantly
Coulomb induced for heavy targets - are strongly active
even at energies just above the barrier. For the medium

The statistically significant differences are observed only
for theSHe +54Zn system at 14.85 and 17.9 MeV (six com-
parisons), with marginal significance at 13.56 MeV (three
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mass targets’{Ni and ®4zZn), the imaginary part ex-
hibits a non-monotonic energy dependence, suggest-
ing an evolution of the dominant reaction mechanism

13

ing and multichannel couplings grow stronger, a static,
energy independent imaginary potential is no longer
sufficient. This underscores the necessity of more ad-

vanced, dynamic frameworks - such as continuum dis-
cretized coupled channels (CDCC) calculations - for a
complete description of halo nucleus collisions, espe-
cially at energies well above the Coulomb barrier.

as the energy increases.

. Systematic Behavior of the Cluster Folding Potential
(CFP): The CFP, which explicitly treaf$de as am-
core plus two valence neutrons, systematically yields
the largest reaction cross sections across all systems 5.
and energies, doing so in all thirty-nine comparisons
examined in this study. Uncertainty analysis reveals
that in thirty of these comparisons, the differences
are statistically compatible within the estimated un-
certainties. Statistically significant differences are ob-
served only for thé’He + 54Zn system at 14.85 and
17.9 MeV (six comparisons), with marginal signifi-
cance at 13.56 MeV (three comparisons). For’thidi
and!?°Sn systems, all differences are statistically com-
patible. Thus, while the CFP exhibits a consistent ten- _ _
dency to produce largery, the effect is modest and, In summary, the reaction dynamics of the halo nucleus
in many cases, comparable to statistical uncertainties He are acutely sensitive to the Coulomb field of the target,
Nevertheless, the systematic trend-observed without/ith breakup coupling dictating the energy dependence and
exception-provides meaningful evidence for the role ofagnitude of the effective optical potential in the above bar-
cluster degrees of freedom in describing the scatteringi€’ regime. This study provides a systematic, multipoten-

Target Dependence of Reaction Mechanisms: The
comparative analysis reveals a clear progression in the
role of the Coulomb field. For the lightest targ&tii),
nuclear induced breakup and transfer dominate above
the barrier. For the intermediafézn, both Coulomb
and nuclear contributions are significant, leading to a
complex energy dependence of the imaginary poten-
tial. For2°Sn, Coulomb breakup prevails, producing
the strongest DPP and the clearest BTA signature, even
at energies above the barrier.

dynamics of this halo nucleus.

tial benchmark for understanding elastic scattering of weakly

bound, cluster structured projectiles and reinforces the need

terioration of fit quality (highy?/N) at the highest

. Limitations of Renormalized Folding Models: The de- for structure informed, dynamic reaction models in the de-
scription of exotic nuclei. The insights gained here not only

energies forf*Zn and'2°Sn indicates the limitations illuminate the specific case 6He but also offer a foundation
of simple optical potentials with renormalized folded for future investigations of more complex, neutron rich halo
forms. When the interaction becomes more penetratsystems.
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